A study was conducted to characterize the calcareous soils of the Askara plain in Southeastern Iran and evaluate their potential for wheat production. Sixteen soil profiles within the colluvial fan in different physiographic units were studied. Four phases of soils were identified namely the Ashkara, Dareabad, Khalandi, and Sheikhabad soils. All soils were classified as Entisols, namely Aridic Ustortents and Aridic Ustifluvents. The Ashkara soils were marginally suitable while the Dareabad and Khalandi soils were moderatelly suitable for wheat growing. The Sheikhabad soil units, however, were evaluated as S1, S2, S3 and N1 classes. The results suggested that most important limiting are high CaCO 3 , pH, texture and salinity as the major constraints to wheat productivity for soils of the Ashkara plain. There are about 60% of the plain that are suitable for wheat growing and only 1.15% that is not suitable due to poor moisture availability. The rest 38.85% of the plains are marginal soils.
INTRODUCTION
The arid and semi-arid regions cover more than 60% of the country. In this agro-pastoral transition region, the rains are highly variable in time, space, amount and duration, and water is the most important limiting factor for biological and agricultural activities. Seasonal changes in rainfall pattern may alter the hydrological cycle and environmental processes (Delitalia et al., 2000) as well as the vegetation and the entire ecosystem (Lazaro et al., 2001; Ni and Zhang, 2000) . These areas have low production potential due to the restrictical rainfall (Zeynaddini and Banaei, 2001 ).
Iran's population increased dramatically during the later half of the 20th century, reaching about 72 million by 2008. Proper land resource ultilization for agriculture is therefore crucial. Part of the solution to the land-use problem can be solved through land evaluation in support of rational land use planning and sustainable use of natural and human resources (Rossiter, 1996) . Several land evaluation studies for some important crops in Iran had been reported by Moghimi (2002 ), Garkani Negad et al. (2009 These authors agreed that for arid and semiarid lands of Iran, the soil aridity, salinity, acidity and high carbonate content in soils as among the serious limiting factors. Calcareous soils covered vast areas of Iran. The soils in which a high amount of calcium carbonate dominates the problems related to agricultural land *Corressponding author. E-mail: moghimiabolhasan@gmail.com Author(s) use. They are characterized by the presence of calcium carbonate in the parent material and by a calcic horizon, a layer of secondary accumulation of carbonates (usually Ca or Mg) in excess of 15% calcium carbonate equivalent and at least 5% more carbonate than an underlying layer. In some soils the calcium carbonate deposits are concentrated into layers that may be very hard and impermeable to water. These soils are generally very fertile, alkaline and saline. Due to alkalinity, they are proned to Zn, Fe, Mn and Cu deficiency (Cakmak et al., 1996) and experienced phosphorus (P) deficiency and low P-use efficiency (Korkmaz et al., 2009) . Salinity affects plant growth by weakening the plant's ability to absorb water from the soil. Wheat, like many other crops show intraspecific variation in response to salinity (Kingsbury and Epstein, 1986; Parida and Das, 2004) and physical properties of soil (Bagherzadeh, 2013) . The present study was to characterize some calcerous soils of the Ashkara plain and evaluate them for their potential in wheat production.
MATERIALS AND METHODS

Site description
The Ashkara plain occupied about 17600 ha of land and is located about 150 km north of Bandarabbas city in the north part of Hormozgan province of southeast Iran, from 28° 8´ to 28° 11´ North longtitude and 56° 7´ to 56° 11´ East latitudes (Figure 1 ). The climate is arid with an average annual precipitation and evaporation of about 162 (Figure 2 ) and 4243 mm, respectively. The moisture and temperature regimes are aridic ustic and hyperthermic (Banaei, 1998) . The altitude of the region is 850 m a.s.l.
Sixteen soil profiles within the colluvial fan in different physiographic units were dug and studied. The morphological properties of the profiles were described in the field using the field book of USDA (2003) . The four representative profiles were internationally classified using the criteria of soil taxonomy (Soil Taxonomy, 2010) and their approximate classes in the IUSS working group WRB (2007) world reference base for soil resources. Two famillies and four phases of soils were identified. Soil samples were taken from pedogenic horizons or layers of the profiles for various laboratory analysis.
Laboratory analysis and soil classification
Soil samples were air-dried in the laboratory ground and sieved through a 2 mm sieve. The percentage gravel content was calculated on the basis of subsamples (500 g each) of whole samples. Particle-size distribution was determined after the removal of CaCO3 with 2N HCl and organic matter with 30% H2O2 by the pipette method (Day, 1965) . Organic carbon was measured by Walkly and Black (1947) procedure and total N by the microkejeldal technique (Bremner and Mulvaney, 1982) . The soil pH was determined in a saturated paste by a glass electrode (McLean, 1982) . The electrical conductivity (EC) was measured in the saturated extract (Salinity Laboratory Staff, 1954) . The calcium carbonate equivalent (lime) was measured by acid neutralization (Allison and Moodi, 1965) . Cation exchange capacity (CEC) was determined using sodium acetate (NaOAc) at pH 8.2 (Chapman, 1965) . The complexometric titration method described by Chapman (1965) was used for the determination of calcium and magnesium. Potassium and sodium were determined from ammonium acetate leachate using the flame photometer. The sodium adsorption ratio (SAR) was calculated from soil solution data (Na extracted by the Bray method and determined colorimetrically (Watanabe and Olsen, 1965) . For the land evaluation suitability study, the soils were evaluated for wheat following the method of Sys et al. (1991a Sys et al. ( , b, 1993 . Soils were placed in the suitability classes by matching their characteristics with the requirement of wheat (Table 1 ) using the simple limitation and parametric methods (square root method). In this analysis, the classes S1, S2, S3, N1 and N2 represent highly, moderately, marginally, actually notsuitable but potentially suitable and actually and potentially not suitable, respectively.
RESULTS AND DISCUSSION
Soil morphological properties
Four soil phases were identified, namely the Ashkara, Dareabad, Khalandi and the Sheikhabad soil. The soils were deep but the soil texture changes throughout the profile quite obvious in almost all soils. Since the plain is part of the colluvial fan, the deposition of materials from the alluvial wash vary from time to time creating different textural layers. This is observed in all soils studied where the soils textural changes were quite drastic, particularly for the silt and sand content. There were also variation in their structures and this is also associated to the amount of sand and silt in the soil. The soil tends to be massive when the silt content is high otherwise the structure would be singular when the sand content is high. Gravel was observed in the Ashkara soil but not in other soil types. The rounded nature of these gravels suggested that it was deposited along part of the plain. All soils were weakly developed with only weak profile horizon formation because of the slow chemical weathering in these normally dry and hot soils. The Ashkara soil had brown (10YR4/3) loamy sand to sandy texture and were gravelly throughout the profile ( Table 2 ). The gravel were rounded and increased down the profile from 10% at topsoil to 60% at 85 cm depth. Similar trend was observed for the sand content (Table  3 ). The soil structure was somewhat massive at the top 30 cm but became singular down the profile as sand content increases. The soil was observed to be well drained. The Dareabad soil was characterized by dark brown (7.5YR4/4) loamy topsoil to more sandy subsoil. The sand content was 90% at 120 cm as compared to only 45% at the surface. The Khalandi soil had brown (10YR5/3) sand on top coming down to pale brown(10YR6/3) at the subsoil. Their textures were somewhat irregular changing from sandy to sandy loam, Table 1 . Climate, soil and land requirements for wheat production (Sys et al., 1993 
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ECe ( loamy sand and finally became sandy at deeper depth. These textures changes were due to the irregular changes of the silt and sand content. The Sheikhabad soil was characterised by grayish brown (10YR5/3) silty loam topsoil coming to dark yellowish brown (7.5YR3/4) sandy loam subsoil. All the four soils were well drained. The Ashkara, Dareabad and Khalandi soils had massive to singular structure while the Sheikhabad soil was more platy down the profile (Table 2) . In all soils, the sand content increases with depth resulting a more loose single structure. The consistency of all soils were also quite similar in their trend where soils were firm at the top but loose at the bottom layers. Soil structures were, however, very weak and unstable.
Soil chemical properties
All soils of the Ashkara plain exhibit some common properties with some variation (Table 3) . They were all calcareous in nature containing 23 to 33% of CaCO 3 throughout the profile. The average electrical conductivity (EC) values were somewhat variable among the soils studied, placing these soils from slightly saline to saline level. The Ashkara and Dareabad soils were slightly saline with EC values less than 5.0 Ds/m, while some soil units of the Khalandi and Sheikhabad soils were slightly saline to saline with EC values ranging from 3 to 20 Ds/m. The sodium content showed slight variability among soils studied. The Ashkara and Khalandi soils contain less than 4.5 cmol c kg -1 of sodium as compared to Dareabab and Sheikhabad soils containing up to 6.2 cmolckg-1. The exchange capacity (CEC) content represented high variability among the soils. The CEC in The Ashkara and Khalandi soils less than 11.4 cmolckg-1 compared to Dareabab and Sheikhabad soils up to 13 cmolckg-1. All soils have pH values above 8.0 suggesting that they are alkaline and may induce deficiency problems for P and some micronutrients. Soil organic carbon were low in all soils, which is common for soils of these regions where vegetations are strongly influenced by the hask climatic condition. Based on the soil morphological characteristics and chemical data analyzed, and following the Soil Taxonomy (2010), all soils were classified in the order of Entisol. The Ashkara and Dareabad soils were group as Aridic Ustortent while the Khalandi and Sheikhabad soils were classified as Aridic Ustifluvent. The soils of the Ashkara plain were basically young soils with little pedological development due to the sandy soil materials and little water available to promote weathering.
Suitability evaluation for wheat production
The morphological description and chemical date available suggested that soils of the Ashkara plain were rather sandy, calcerous, alkaline, slightly saline and received very little rainfall throughout the year. Based on these characteristics, these soils were evaluated of their potential for wheat production. Using the conversion table of Sys system (Table 1) , the results of the land evaluation for wheat production is presented in Table 4 . The mean annual temperatures of the study site is within 23.7°C, hence they all fall within S1 (Highly suitable) class with reference to tempreture requirement. All soils were not flooded and were well drained and therefore qualified for the S1 class when drainage and flooding were considered. Looking at the textural class as the evaluation criteria, Sheikhabad soils qualified into the S1 class, while the Ashkara, Dareabad and Khalandi soils into the S3 class. This is because of their loamy sand and sandy loam texture throughout the soil profiles that reduce the soil moisture availability when compared to the silty loam of the Sheikhabad soils. Considering the soil pH and the electerical conductivity values, the Ashkara soils were finally evaluated as S3 class while the Dareabad and Khalandi soils as S2 class. The Sheikhabad soil units, however, were very variable, finally evaluated as S1 (unit 4.1, 4.2, 4.4, 4.6), S2 (unit 4.3), S3 (unit 4.5, 4.8) and N1 (unit 4.7) classes. The evaluation suggested that aridity, alkalinity, high CaCO 3 and certain level of salinity as the major constraints to wheat productivity for the soils of the Ashkara plain. The Ashkara soils contain 10 to 30% gravels at top 30 cm depth and this would seriously affect the farm mechanization in the future.
Conclusions
The Ashkara plain soils were sandy, calcerous, high soil pH, saline and received little rainfall annually. These soils, however, were still potentially viable for wheat cultivation. The results of this study indicated that the largest parts of the study area were classified as suitable for wheat cultivation. These soils were evaluated as marginally (S3), moderately (S2) and highly suitable (S1) for wheat cultivation.The results of various methods demonstrated that the most important limiting factors are high CaCO 3 and sodium content, high pH and sandy texture. They were also low in organic matter and subsequently little nitrogen available. The high pH level results in unavailability of phosphate and sometimes reduced micronutrient availability such as zinc and iron. There may be also problems of potassium and magnesium nutrition as a result of the nutritional imbalance between these elements and calcium.
The salts or exchangeable sodium hinder crop growth. For efficient crop production salts must be therefore leached from the root zone which is in itself problematic because irrigation water is scarce in most regions where these soils occur. Plant growth is directly affected, as sodium in high concentrations is toxic for most crops, while the dense subsoil and unfavourable physical properties of these soils hinder downward water percolation and the growth of roots. Nutrients contents and nutrient retention are normally low, thus causing a low inherent fertility status for agricultural production. Nutrients are easily leached out of the solum. The poor soil structure also makes the soils very susceptible to wind erosion.
